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THE PRESENCE OF A PERITROPHIC MEMBRANE. 
IN SOME AQUATIC HEMIPTERA 


By MARGARET C. PARSONS! 
Harvard Biological Laboratories, Cambridge, Mass. 


Although the peritrophic membrane was formerly be- 
lieved to be absent in the order Hemiptera, Sutton (1951) 
has reported its presence in at least two species of Corixi- 
dae. It appears now that a peritrophic membrane is present 
in a second cryptocerate family, the Nepidae. 

In a recent study on the digestive system of water bugs, 
the author made serial sections through the midguts of 29 
adult specimens of Ranatra fusca P.B. Of these, four indi- 
viduals showed evidence of what might be interpreted as a 
peritrophic membrane. In two of the four, the membranous 
material was found throughout the midgut; one of these 
is shown in Figure 1. In a third, it was limited to the anter- 
ior dilated portion of the midgut, while in the fourth speci- 
men it was present only in the narrow posterior region of 
the mesenteron. 

The membrane appeared to be of the type which is se- 
creted by the midgut epithelium in general (the Type I of 
Wigglesworth, 1950) rather than by a limited group of 
cells. In most sections it seemed to be formed by the 
condensation, in the lumen of the gut, of a network of fine 
strands of cuticula, secreted by the midgut cells. In some 
areas, however, the membrane, which varied in width from 
one to approximately four micra, appeared to be delamin- 
ated directly from the surface of the epithelium. 

In the two individuals which showed this structure 
throughout the midgut, it was not a continuous membrane. 


1 This project was carried out partly during the tenure of a National 
Science Foundation Predoctoral Fellowship and partly under the Ellen 
C. Sabin Fellowship, awarded by the American Association of University 


Women. 
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Its presence in a region seemed, in general, to be correlated 
with the presence of food in that region, and not all the 
midgut cells appeared to be secreting it. This gave it a 
fragmentary appearance in most sections. 


In order to ascertain whether the membrane contained 
chitin, and could be called a peritrophic membrane, eight 
midguts of Ranatra which had been fed fifteen hours before 
were subjected to the chitosan test, as described by Richards 
(1951, pp. 32 and 33). Solid food was never observed in 
the Ranatra midgut, and thus use of this test seemed to be 
justified. The technique of Sutton (personal communica- 
tion) was employed; each individual was dissected in 
Ringer’s solution, the gut removed, and the midgut cut off 
just posterior to the esophageal valve and anterior to the 
point of entrance of the Malpighian tubules. The midgut 
was then placed in about 5 cc. of concentrated potassium 
hydroxide solution in a Bunsen tube and heated in a gly- 
cerine bath to 160 degrees C. for 20 minutes. If, after this 
treatment, any residue remained in the tube, it was tested 
with Lugol solution, zine chloride, 1% sulfuric acid, and 3% 
acetic acid, following the methods prescribed by Richards 
(1951). In three of the eight individuals, positive reactions 
were obtained by this method; the small and very delicate 
strands of material which remained after the potassium 
hydroxide treatment in these three appeared, therefore, 
to be chitinous in nature, and to represent fragments of a 
peritrophic membrane. 


EXPLANATION OF PLATE 9 

Figures 1-3. Fig. 1. Longitudinal section through part of the anterior, 
dilated portion of the midgut of Ranatra fusca, showing the secretion of 
a peritrophic membrane by the epithelial cells. Fixed in alcoholic Bouin’s; 
Mallory’s triple connective tissue stain. 240 X. Fig. 2. Longitudinal sec- 
tion through the posterior part of the midgut of Hesperecoriza interrupta. 
Note the large fragment, presumably an ingested piece of arthropod exo- 
skeleton, within the food mass. Fixed in aqueous Bouin’s; Mallory’s triple 
connective tissue stain. 440 X. Fig. 3. Detail of the fragment shown in 
Figure 2. Note the sculpturing on the surface of the fragment. 720 X. 


ABBREVIATIONS Usep rn Figures. C-Fragment of exoskeleton within food 
mass. E-Midgut epithelium. F-Food material in gut. L-Lumen of gut. 
M-Peritrophic membrane. 
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The peritrophic membrane of Ranatra bears some re- 
semblances to that of Sigara falleni and Corixa punctata as 
described by Sutton (1951). Both were of Wigglesworth’s 
Type I, fragmentary in nature, and seemed to be secreted 
in response to the presence of food; both were present in 
only a few of the individuals examined. Sutton found the 
peritrophic membrane only in the posterior part of the 
midgut, however, whereas that of Ranatra may occur 
throughout the mesenteron. 


The author has examined several species of North Amer- 
ican corixids, representing the genera Hesperocorixa, Si- 
gara, and Trichocoriaa, to determine whether any of these 
possessed a peritrophic membrane. Histological sections 
through the midguts of ninety corixids showed no evidence 
of a membrane. The midguts of ninety-nine others, all of 
which contained food, were removed and examined in a 
dish of Ringer’s solution under a stereoscopic microscope; 
they were carefully turned inside out, beginning at the 
posterior end, with fine forceps. Since the epithelium tended 
to curl outwards when peeled back in this way, its inner 
surface and the surface of the midgut’s contents could be 
easily examined for traces of a membrane. However, none 
of the midguts so examined showed anything of this sort. 
The two species of which the most individuals were ex- 
amined were Hesperocorixa interrupta (113) and Sigara 
signata (22); the present study has shown, therefore, that 
a peritrophic membrane is absent, or at least extremely 
rare, in these species. 

Sutton applied the Schulze and chitosan tests to whole 
midguts, using the technique which was described earlier 
in this paper. She considers the chitosan test to be the most 
reliable, and describes her method as follows: “I did not 
dissect out the membrane. Instead I dissected out the hind 
part of the mid gut taking great care that no trace of the 
oesophageal valve was present (to avoid any invalidation 
of the results of the tests to be applied, by the chitinous 
‘entonnoir’.) The chitosan and Schulze tests were then 
applied to the freshly dissected mid guts. I did not apply any 
test for chitin to preserved material’ (Sutton, personal 
communication). 
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It is unfortunate that the chitosan test cannot be applied 
to sectioned material. However, Sutton’s technique is open 
to criticism. The corixids, unlike Ranatra, are able to ingest 
particulate food, and histological sections through their 
midguts often show sizeable fragments of exoskeleton from 
small Crustacea and other arthropods within the food mass 
(Pl. 9, Figs. 2 and 3). The presence of setae or surface 
sculpturing on these fragments indicates that they are of 
foreign origin rather than secretions of the midgut epithe- 
lium. The chitin in these pieces could withstand potassium 
hydroxide treatment as well as could a peritrophic mem- 
brane, and it seems unlikely that the former could be 
distinguished from the latter, using Sutton’s technique. 

To test this hypothesis, the chitosan method was applied 
to the midguts of eighteen Hesperocorixa interrupta, using 
Sutton’s technique. In one of these, a positive result was 
obtained. A small piece of material, approximately 0.5 mm. 
square, withstood the potassium hydroxide treatment and 
reacted positively to the subsequent tests. Examination of 
this fragment under the compound microscope showed it to 
be rolled up like a scroll, its surface covered with small 
hairs. It bore much resemblance to the pieces seen in 
histological sections through the food mass in corixids. 

In the author’s opinion, the chitinous nature of the 
““membranelles” described by Sutton in the midguts of two 
species of corixids has not been sufficiently proven. Some 
test must be devised which can distinguish between secreted 
and ingested chitin before this point can be settled. How- 
ever, the discovery of a peritrophic membrane in Ranatra, 
in which ingested particles have never been observed, 
supports Sutton’s conclusion that this structure is not 
absent in the Hemiptera. It may be, as she has suggested, 
that the Type I membrane is a primitive feature which 
has been inherited from the ancestral hemipteran. It seems 
quite possible that further study will reveal its presence in 
other species of the Hemiptera. 
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THE FOOD PUMP OF PELOCORIS 
AND COMPARATIVE STUDIES ON 
OTHER AQUATIC HEMIPTERA 


By EDWIN P. MARKS 


Washburn University, Topeka, Kansas 


INTRODUCTION 

In earlier studies it has been found that in the Corixidae 
(Griffith 1945, Sutton 1951, Benwitz 1956, Marks 1958) 
and in the Notonectidae (Marks 1958) the buccopharyn- 
geal pumps contain rather complicated armatures apparent- 
ly derived from the remnants of the hypopharyngeal 
suspensorium. When the opportunity was provided to 
study this closely related form, therefore, it was quick- 
ly accepted. Twelve specimens of Pelocoris femora- 
tus P.B. from ponds in the Cambridge, Mass. area were 
obtained. Several were killed in chloroform and dissected 
immediately. Three were cleared in caustic, lightly stained 
in acid fuchsin, and placed in glycerin. The last makes an 
excellent medium for dissection of both cleared and un- 
cleared specimens because of both its property of rendering 
the material transparent, and its viscosity, which holds the 
specimen in place for drawing or photographing. The 
dissections were photographed by Dr. Thomas S. Parsons 
and then drawn by the author for the purpose of illustra- 
tion. 

Thanks are due to Dr. and Mrs. Parsons for their 
hospitality and their help with many technical details, and 
to Prof. Frank M. Carpenter and the Department of Bi- 
ology of Harvard University for the facilities which made 
this study possible. 

DESCRIPTION 


When the ventral wall of the head is removed, the 
muscles of the stylets are exposed. These muscles and the 
attached stylets can be removed by gently withdrawing 
them from their attachments and sliding them out of the 
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beak. This exposes the salivary pump, which is firmly 
embraced by the ventral arms of the hypopharynx (Plate 11, 
Fig. 1). The latter hold it in place and enclose the short 
duct leading to the stylets. The pump itself closely re- 
sembles that of Belostoma (Marks 1958). It is rather large 
and heavily constructed, which is somewhat surprising in 
so small a bug. The pump is operated by two powerful 
muscles which insert on the forked apodeme of the plunger 
of the pump and originate on the wings of the hypopharynx, 
one on either side of the food pump. 


The food pump itself is found dorsal to the salivary 
pump, partially obscured by the latter and by the arms of 
the hypopharynx. Both of these can be removed by gently 
pulling them away. This exposes the ventral wall of the 
food pump for its entire length. From the ventral aspect 
it is somewhat triangular in shape (Plate 11, Fig. 1). It 
begins at the anterior end as a sheath around the food 
channel and widens gradually into the anterior or cibarial 
portion of the pump. This region extends approximately 
one half of the length of the pump. At this point it flares 
laterally to form the heavily scerotized pharyngeal portion 
of the pump. There is a dark, heavily sclerotized bar in this 
region which is visible through the floor of the pump. It 
arises from the dorso-lateral edges, and arches ventrally 
crossing the pump just in front of its widest point. This 


EXPLANATION OF PLATE 10. 

The head of Pelocoris femoratus P.B. Figure 1. Composite stereo- 
gram showing structure of pump and relationship with the rest of the 
head. Figure 2. Parasagittal section showing the lateral aspects of the 
food and salivary pumps. Figure 3. Sagittal section slightly lateral to 
the midline, showing the internal structure of the food and salivary pumps. 


ABBREVIATIONS Usep iN PLates: AB — anterior sclerotized bar; AH — 
arms of hypopharynx; AP — apodeme of salivary pump; BP — bristle 
pouch; CM — cibarium; ES — esophagus; FG — frontal ganglion; FP — 
food pump; FR — floor of pump; G.1 — muscle group 1; G.2 — muscle 
group 2; G.3 — muscle group 3; HX — hypopharynx; LF — lateral fold: 
PB — posterior sclerotized bar; PX — pharynx; SB — sclerotized bar; 
SP — salivary pump; ST — setae-like teeth; TF — transverse Ko) (0 nd Oe 
first toothed fold; T.2 — second toothed fold; WH — wing of the hy- 
popharynx. 
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bar, however, belongs properly to the roof of the pump and 
will be described in detail later on. From this point the 
walls of the pump taper sharply, converging to form the 
entrance of the esophagus. 

From a lateral view (Plate 10, Fig. 2) the pump is ob- 
scured at its juncture with the cranium, by the presence 
of the bristle pouches, which must be cut away to permit 
adequate inspection of the structures. The cibarial portion 
of the pump expands gradually for approximately half of 
the entire length. Then it bends ventrally, forming the en- 
larged pharyngeal portion in which the sclerotized bar is 
again plainly visible through the wall. Directly behind the 
bar, the dorsal edge of the ventral wall detaches from the 
cranium and descends to form the entrance to the esopha- 
gus. The large pharyngeal dilator muscles emerge below 
the esophagus at this point and attach to the posterior wall 
of the cranium. 

If a head is placed on a block of paraffin with the dorsal 
side up and sectioned free hand along the midsagittal line 
with a very sharp blade, the two halves can be separated 
and examined under a stereoscopic microscope. If one half 
is placed in glycerin for a few hours, the tissues will par- 
tially clear showing the sclerotized structures in sharp 
relief. The other half preserved in alcohol will be better for 
the study of the muscles themselvs. Specimens fixed for a 
few hours in alcoholic Bouin’s solution were used in study- 
ing the frontal ganglion as the picric acid in this fixative 
stains the muscles darker than it does the nervous tissue. 
The structures as seen in such a dissection are shown in 
Plate’ 10; fig. 3: 

There are three discrete groups of muscles which oper- 
ate the food pump. The first group, which is distinctly 
cibarial in origin, operates the delicate anterior portion of 
the pump. These muscles arise on the striated inner sur- 
face of the cranium and insert by means of slender sclero- 
tized apodemes on the midline of the roof of the pump. 
The action of these muscles is obvious and direct. They 
raise the roof of the food channel and thus draw food from 
the stylets into the pump. This group of muscles, which 
will be referred to as “Group 1”, consists of the dilators 
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of the cibarium, and they extend approximately one half of 
the length of the pump. The second group of muscles is 
both longer and heavier than the first. It arises on the pos- 
terior angle of the cranium and inserts on a large apodeme, 
which attaches in turn to the sclerotized bar in the dorsal 
wall of the pump. This group of muscles lies behind the 
frontal ganglion and thus must represent the anterior 
dilators of the pharynx. These muscles will be referred to 
as “Group 2”. They occupy approximately one-fourth of 
the length of the pump. The action of these muscles appears 
from micromanipulation to result in a rocking motion of 
the sclerotized bar so that the attached teeth sweep the 
floor of the pump. The third group of muscles is somewhat 
smaller than the others. These muscles, like the first group, 
insert on the midline of the roof of the pump by means of 
slender sclerotized apodemes. The muscles are somewhat 
longer and more slender than Group 1. They originate on 
the posterior angle of the vertex and make up the final one- 
fourth of the length of the pump. They serve to dilate 
the posterior pulsatile area, which carries food into the 
esophagus, and represent the posterior pharyngeal dilators. 
They will be referred to as “Group 3”. 

The membrane which makes up the roof of the pump 
varies in structure in the three portions of the pump. In 
the anterior portion, which is operated by the muscles of 
Group 1, the roof is a delicate membrane which is V-shaped 
in cross section. The dorsolateral edges are attached at 
the lateral margins of the pump and the dilator muscles 
are attached at the midline. This membrane is otherwise 
uncomplicated for the first one-third of its length. At this 
point an oblique fold appears in the lateral walls (Plate 
11, Fig. 4) and extends dorsally and posteriorly nearly to 
the lateral edges. The walls of this fold are more heavily 
sclerotized than the surrounding area and are yellow-brown 
in color. The folds form a distinct landmark in the mem- 
brane. They possess no musculature, and will be called 
the lateral folds of the cibarium. 

Posterior to these folds, the membrane curves dorsally, 
forming a deep transverse fold (Plate 11, Fig. 4). This 
fold contains in its cavity a series of secondary folds which 
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are provided with toothed armatures (Plate 11, Fig. 3). 
The setae-like teeth are borne on lightly sclerotized ridges, 
which cross the membrane. There are three such ridges, 
the first of which is incomplete, extending only part way 
down the sides of the pumip. The second ridge extends 
downward to the midline. These two ridges are completely 
enclosed in the transverse fold, and show only in a sagittal 
section, or when this fold is pulled open for inspection. The 
third ridge is the heaviest of all and occurs on the pos- 
teroventral edge of the fold where it is visible in the 
ventral or lateral view. This ridge is closely attached by a 
membrane to the heavily sclerotized transverse bar which 
lies immediately behind it. This bar is perhaps the most 
prominent structure in the dorsal wall. It consists of a 
heavily pigmented and sclerotized thickening in the dor- 
sal membrane. It is comma-shaped in sagittal section with 
the tail of the comma extending dorsally and anteriorly. 
The toothed fold is attached by a membrane to this for- 
ward edge. At the posterior edge of the bar is found a 
second, less heavily sclerotized bar which is, in turn, at- 
tached to the one in front by a thin membrane. This second 
bar is provided with a large hollow apodeme on which 
muscle Group 2 inserts. Posterior to this apodeme, the roof 
of the pump becomes membranous again, closely resembling 
the structure found in the cibarial portion. It is V-shaped 
in cross section and the muscles attach along the midline 
by means of slender sclerotized apodemes. This region nar- 
rows sharply to form the entrance to the esophagus. 


The floor of the pump is relatively simple. It is heavily 
and uniformly sclerotized along its entire length. As can 


EXPLANATION OF PLATE 11. 

Figure 1. Ventral view of the food and salivary pumps of Pelocoris. 
Figure 2. Lateral view of the food pump of Notonecta with the lateral 
wall of the floor of the pump cut away. Figure 3. Ventral aspect of the 
roof of the food pump of Pelocoris showing the transverse fold and the 
teeth. Figure 4. Lateral view of the food pump of Pelocoris with the 
lateral wall of the pump cut away. Figure 5. Ventral view of the roof 
of the pump of Pelocoris showing the armature and the lateral fold. 
Figure 6. Dorsal aspect of the roof of the pump of Notonecta. Figure 7. 
Dorsal aspect of the roof of the pump of Hesperocorizxa. 


Psycue, 1957 Vou. 64, Puate 11 


Marks — Hemipreran Foop Pump 


130 Psyche [December 


be seen in Plate 10, Fig. 2, it forms the rigid framework 
which permits an effective pumping action. With patience 
and care the floor of the pump can be loosened at the edges 
and gently lifted off. This exposes the ventral aspect of the 
roof of the pump, not otherwise visible. The structures 
exposed are shown in Plate 11, Fig. 5. Here one can see 
the relationships of the hard parts to the membrane and 
open up the transverse fold to expose the first and second 
toothed ridges, as shown in Plate 11, Fig. 3. Plate 11, Fig. 
4, shows a lateral view with the side of the floor of the 
pump cut away. Here the setae-like teeth are seen in de- 
tail. They are strikingly like those found in Notonecta, 
which are shown in Plate 11, Fig. 2. Note that, in Pelo- 
coris, the teeth associated with this bar are not directly 
connected to it as in Notonecta, but are instead attached 
to it by means of a membrane. The sclerotized bar does not 
articulate with the floor at the lateral margins, but instead 
ends in a membranous connection. There is no dorsal bar 
in the cibarial region as there is in Notonecta. 


The purpose of this pharyngeal armature is not fully 
understood. It is not clear from the action of the parts 
exactly what role they play in the ingestion of the food. It 
may be supposed that the teeth serve some sort of straining 
function and perhaps act to break up clots in the food ma- 
terial. When the apodeme is worked back and forth the 
second set of teeth appears to rub over the third set much 
as one might clean a comb with a brush. Such action might 
be supposed to prevent the clogging of the teeth with food 
material during feeding. The action of the first set of 
teeth, which extends only part way down the sides, has 
not been determined. Plate 10, Fig. 1, shows a composite 
stereogram of the entire structure with the lateral wall of 
the pump cut away. It will help the reader to orient the 
various structures in relationship one with another and 
with the head as a whole. 


DISCUSSION 


A detailed comparison of the pumps of Notonecta, Pel- 
ocoris, and Hesperocorixa is necessary before any assump- 
tions can be made concerning the relationships between 
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them. The reader is referred to the beautifully illustrated 
work of Benwitz (1956), and to the papers of Griffith 
(1945), Rawat (1939), Sutton (1951) and Marks (1958) 
for further information on these three groups. Since the 
subject of this paper is Pelocoris, it will serve as a point of 
reference and the other forms will be compared with it. 

The cibarial portion of the food pump of Pelocoris is 
elongated as it is in the Corixidae, both groups having an 
elongated clypeal region. Correspondingly, in both groups 
the musculature of the cibarial region is highly developed 
and this region has assumed the largest part of the pumping 
function. In Notonecta, however, the clypeal region is rela- 
tively much shorter, and these muscles are only weakly 
developed. The pumping action is shared approximately 
evenly with the posterior pharyngeal pump. In all three 
insects there is a lateral oblique fold (Plate 11, Figs. 5, 6, 
and 7). This fold is figured by Rawat (1939) in Naucoris 
but is not mentionened in the text. It is not provided with 
muscles and appears to be a stiffening device enabling the 
entire membrane to respond to the pull of the muscles as 
a unit. Unfortunately Rawat’s otherwise fine paper does 
not cover the pump of Nazcoris in any detail. 

The sclerotized armature is found posterior to this fold. 
In Notonecta the sclerotized, toothed bar is activated by a 
set of muscles which are apparently located anterior to 
the frontal ganglion (Griffith 1945). The position of this 
ganglion has been confirmed in this study. These muscles 
presumably represent the posterior cibarial dilators. In 
Pelocoris there is a strikingly similar toothed bar. The 
muscles which operate this latter bar, however, are behind 
the frontal ganglion and thus presumably represent the 
anterior pharyngeal dilators, raising some doubt that these 
two bars are actually homologous. In Hesperocorixa where 
there are two sets of bars (Plate 11, Fig. 7), the anterior 
bars are activated by the posterior cibarial dilators while 
the posterior set is activated by the anterior pharyngeal 
dilators, the frontal ganglion being located between the 
two apodemes: Sutton (1951) reports finding two types of 
food pumps in Naucoris. She describes the first type as 
f>llows: “Buccopharyngeal teeth are present, so similar in 
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appearance to those of the Corixidae that from the sections 
through the buccopharyngeal regions it would be almost 
impossible to tell which genus was being examined” (page 
489). The second type she characterized by “the presence 
of a small number of uniform teeth in the buccopharyngeal 
region’. From the figures (fig. 5, page 474, and fig. 6, page 
475) it is obvious that Pelocoris most closely resembles the 
second type. In all twelve specimens examined, the pumping 
apparatus was identical, there being apparently only one 
variety of this species in this area. In no case were speci- 
mens found which might be confused with corixids. 


In the three insects examined there is a second pulsatile 
area which lies posterior to the armature. This area reaches 
its greatest development in Notonecta where it is as well 
developed as the cibarial pump. In Pelocoris it attains a 
modest development, but is not nearly as prominent as in 
Notonecta. In Hesperocorixa, muscle Group 3 is reduced to 
a few strands at the entrance to the esophagus. In all cases 
these muscles are well behind the frontal ganglion and thus 
represent the posterior pharyngeal dilators. The action of 
this area is apparently to pass food on from the pharyngeal 
region into the esophagus. 

It is difficult to establish homologies between the parts 
of the sclerotized armatures of the three insects. At first 
appearance, when the preparations are studied from a 
ventral view (Plate 11, Figs, 5, 6, and 7), the homologies 
would appear to be as follows: 

a. The anterior lateral bars of Notonecta are unique 
and do not appear in the other groups. 

b. The posterior transverse bar of Notonecta appears 
homologous with the anterior transverse bar of Hesperoc- 
orixa. Both are activated by the posterior cibarial dilators. 
Both possess similar teeth. Both are posterior to the later- 
al constriction and the lateral fold. 

c. The sclerotized bar of Pelocoris appears to be homolo- 
gous to the posterior transverse bar of Hesperocorixa. Both 
are activated by the anterior pharyngeal dilators. Both 
occur at the point of greatest width of the pump. In both 
cases the apodeme is attached to an area behind the bar 
rather than to the bar itself. 
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If, however, one compares the lateral views of the arma- 
tures (Plate 11, Figs. 2 and 4) of Notonecta and Pelocoris, 
one is forcefully struck by the similarity of the transverse 
bars in these two groups. So striking is this similarity 
that the author carefully rechecked the positions of the 
muscles in relationshp to the frontal ganglion. The question 
then arises as to whether, in spite of the diffierence in the 
origin of the muscles attached to these bars, they are not 
actually homologous. It is possible that the present muscu- 
lature of this bar in Notonecta may be a secondary condition 
due to a posterior shifting of a group of the cibarial dila- 
tors. This would account for the position of the frontal 
ganglion as well as the reduction of the pharyngeal dilators 
to their present condition. If this were the case, then the 
transverse bar of Notonecta would be homologous with the 
posterior transverse bar of Hesperocorixa and the trans- 
verse bar of Pelocoris. All three of the bars would be phar- 
yngeal in origin. The anterior transverse bar of Hesper- 
ocorixa would then be homologous with the second tooth- 
bearing fold found in the transverse fold of Pelocoris, both 
being definitely cibarial in origin. At the present time there 
is not sufficient evidence available to uphold or eliminate 
either of these hypotheses. 


Certain of these relationships do, however, appear to 
be significant. Certainly the appearance of such similar 
structures in closely related groups can scarcely be coinci- 
dental. These structures then should be of some significance 
in ascertaining the relationships between groups. From 
the very slender evidence available at this time, it would 
appear that Pelocoris shows features pertaining to both 
the notonectids and corixids. It is like Notonecta in such 
features as the single, heavy, toothed bar, and the well 
developed pharyngeal pulsatile area, while it is more like 
Hesperocorixa in the presence of secondary toothed folds 
and the highly developed cibarial pulsatile region. 


This evidence, inconclusive as it is, tends to bear out 
the suggestion of China (1955) that the Naucoridae occupy 
a place in the phylogeny of the Hemiptera which gives 
them fairly recent common ancestry with the Notonectidae 
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and the Corixidae, these two latter groups then pursuing 
diverging lines of specialization. Investigation of the pumps 
of various genera within these three families should pro- 
vide valuable information concerning these relationships. 
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THE ESOPHAGEAL VALVE OF SOME 
AQUATIC HEMIPTERA 


By MARGARET C. PARSONS 
Harvard Biological Laboratories, Cambridge, Mass. 


Only two previous comparative studies have been made 
on the esophageal valves of the aquatic Hemiptera. Sutton 
(1951) described this region in Sigara falleni Fieb. and 
Coriza punctata Ullig, and compared it briefly with the 
valves of naucorids and notonectids. More recently, Marks 
(1958) compared the esophageal valves of four species of 
aquatic Hemiptera, representing four different families; 
Notonecta undulata Say (Notonectidae), Ranatra fusca 
P.B. (Nepidae), Belostoma fluminewm Say (Belostomati- 
dae), and Hesperocorixa escheri (Heer) (Corixidae). 

In the present investigation, the valves of the first three 
species of Marks were studied. The Corixidae used were 
Sigara ornata (Abbt.) and Hesperocorixa interrupta 
(Say); Pelocoris femoratus P.B., representing the family 
Naucoridae, was also examined. Both transverse and longi- 
tudinal serial sections through the valve were employed, 
the digestive tracts being fixed in aqueous Bouin’s, alcoholic 
Bouin’s, Held’s, and Zenker’s fluids and sectioned by the 
paraffin method. The stains most commonly used were 
Mallory’s triple connective tissue stain, Mallory’s phospho- 
tungstic acid hematoxylin, and Delafield’s hematoxylin and 
eosin. 

The purposes of the present paper are (1) to compare 
the esophageal valve of Pelocoris with that of the other 
aquatic Cryptocerata, and (2) to offer a few comments on 
the works of Sutton (1951) and Marks (1958). 

I wish to thank Mr. Edwin P. Marks and my husband, 
Dr. Thomas S. Parsons, for their valuable suggestions in 
connection with this problem. The research was carried out 
partly during the tenure of a National Science Foundation 
Predoctoral Fellowship and partly under the Ellen C. Sabin 
Fellowship, awarded by the American Association of Uni- 
versity Women. 
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THE ESOPHAGEAL VALVE OF PELOCORIS FEMATORUS P.B. 


Figure A and Text-figure 2 show the general structure 
of the Pelocoris esophageal valve. The invagination consists 
of two layers of foregut epithelium, an inner and an outer 
one, which are continous with each other. The cells of the 
outer layer are somewhat taller than those of the inner 
one. In most of the specimens examined, the two layers 
are contiguous, but a few individuals show a small intra- 
valvular space between them. Such intravalvular spaces 
contain fine connective tissue fibrils, but never muscle. 


The cells of the outer cell layer become taller at the an- 
terior limit of the invagination, where they gradually merge 
with the annular cells, a ring of tall cells encircling the 
foregut-midgut junction. This corresponds to the ‘“‘terminal 
pad” of cells described by Marks in other water bugs, and 
will be discussed later. The annular cells, like those of the 
invagination, have basally located nuclei, and are covered 
by a cuticular intima which is continuous with that of the 
esophagus. The intima adheres closely to the annular cells, 
but is pulled away from the epithelium of the invagination 
to form a definite “‘entonnoir” (Aubertot, 1934), similar 
to, although not as pronounced as, that of the Corixidae. 
The entonnoir and the cells of the invagination are usually 
connected by fine strands of cuticula which run from the 
entonnoir to the spaces between the cells. 

The cells at the posterior tip of the invagination usually 
contain, at their apical ends, large vacuoles. Such vacuoles 
occur less frequently in the more anteriorly located cells 
of the inner and outer cell layers or in the annular cells. 
Their presence appears to be connected with the secretion 
of the intima, since in many cases they seem to be passing 
from the cells into the space between the epithelium and the 
entonnoir. 


EXPLANATION oF PLATE 12 
Vigure A. Photomicrograph of the esophageal invagination of Pelocor- 


7s femoratus. See Text - figure 2 for explantion. Held’s, Delafield’s hema- 
toxylin and Kosin Y. 225 X. Figure B. Photomicrograph of the annular 
cell region of Sigara ornata. See Text - figure 3 for orientation. Aqueous 


Bouin’s, Delafield’s hematoxylin and Eosin Y. 600 X. 


Psycur, 1957 Vou. 64, PLarn 12 
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Vacuoles similar to these may be seen in the cells at the 
tip of the invagination in Hesperocorixa and Sigara, but 
they are rarely found in Belostoma, Notonecta, or Ranatra. 
This suggests that they may be associated with the pulling 
away of the cuticula to form the entonnoir, a phenomenon 
found in corixids and in Pelocoris but not in the other three 
bugs. Vacuolated cells have been described in the esophageal 
valves of Ptychoptera contaminata (van Gehuchten, 1890), 
and in two species of aphids (Weber, 1928, and Miller, 
1932), all of these having a cuticula which is somewhat 
separated from the cells of the invagination. 


Sutton, after examining Naucoris cimicoides, concluded 
that there are two “varieties” of that species. The first of 
these, she stated, has a “long oesophageal valve” (Sutton, 
1951, p. 489; she did not say how long), with a shorter 
entonnoir than that found in corixids, and possesses a de- 
finite corixid-like “proventriculus”. The latter term is mis- 
leading, since it has been used by some authors to designate 
the “gizzard” of the foregut; in the present study, the 
“proventriculus” of Sutton, which is part of the midgut, 
will be called the “‘perivalvular region’. In corixids it sur- 
rounds the esophageal invagination (Text-fig. 3), and is 
narrower in diameter than the more posterior part of the 
midgut, from which it is separated by a constriction. No 
such perivalvular region was found in any of the naucorids 
examined in this study. 


Sutton found a second “variety” of Naucoris cimicoides 
in which there is no distinct perivalvular region and the 
esophageal valve is reduced to a vestige. In Pelocoris, all 
the esophageal invaginations appeared to be equally prom- 
inent. Whether Pelocoris is more similar to the first ‘“va- 
riety” or the second “variety” of N. cimicoides cannot be 
definitely determined, since Sutton did not include illustra- 
tions of the valves of both of these; the lack of a differen- 
tiated perivalvular region in Pelocoris, however, suggests 
that it more closely resembles the second “variety”. This 
theory is supported by the conclusion of Marks (in press) 
that the food pump of Pelocoris bears more similarity to the 
second “variety” of N. cimicoides than to the first. 


9 
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NOTES ON THE ESOPHAGEAL VALVE OF 


OTHER AQUATIC HEMIPTERA 
A. ESOPHAGUS . 


Since Marks’ description of the histology of the crypto- 
cerate esophagus was brief, a few additional observations 
may be mentioned here. The epithelium’ consists, as that 
author has stated, of a single layer of cuboidal cells, with 
an inner cuticular intima. It is surrounded by an inner 
circular and an outer longitudinal layer of muscle. 


The present investigation has shown that the histology 
of the corixid esophagus differs somewhat from that of 
Belostoma, Ranatra, and Notonecta. The intima in the latter 
three adheres fairly closely to the esophageal cells; it gen- 
erally has a scalloped appearance in section, the scallops 
more or less corresponding to the individual cells which 
secrete it. In these three bugs, the esophageal epithelium is 
usually quite folded, the folds projecting into the lumen. 
In Sigara and Hesperocorixa, on the other hand, the epithe- 
lium is less folded and the intima is pulled away from the 
cells, lying free and much folded in the lumen of the eso- 
phagus. In many preparations, the cells appear to be se- 
creting additional layers of intima beneath the ones which 
fill much of the lumen. 


It has been shown by other authors (Hungerford, 1917; 
Griffith, 1945; Sutton, 1951) that the corixids ingest 
particulate matter. In this respect they differ from the 
other Hemiptera, which, as far as has been demonstrated, 
take in only fluids. It may be that the pulling away of the 
esophageal cuticula and the secretion of additional layers 
beneath it is a protective phenomenon, shielding the epithe- 
ilum from abrasion by particles. 


The histology of the esophagus of Pelocoris resembles 
that of the fluid-feeding water bugs rather than that of the 
corixids. Although Sutton found that Naucoris cimicoides 
was able to ingest solid food, no particulate matter was 
observed in any of the Pelocoris guts in the present study. 
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Fig. 1. Diagram of the esophageal invagination of Belostoma flumin- 
ewm. Heavy stippling indicates annular cell region; light stippling in- 
dicates rest of foregut epithelium; shading indicates midgut epithelium. 
Muscle is omitted except for that of the sphincter. 300X. 

‘ig. 2. Diagram of the esophageal invagination of Pelocoris femoratus. 
Legend same as for Text - figure 1. 375X. 
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B. ESOPHAGEAL VALVE 


1. Location of the Muscle - 

In their studies of the esophageal valve of corixids, both 
Sutton and Marks described circular muscle strands within 
the intravalvular space of the invagination. In the present 
study, muscle was absent in this area in all 36 corixids exa- 
mined. The muscle is limited to a strongly developed sphinc- 
ter at the point where the esophagus enters the midgut 
(Text-fig. 3) and a less well developed longitudinal layer 
overlying this sphincter. 

It is the author’s belief that the ‘‘muscle strands” of 
Sutton and Marks were only fine connective tissue fibers; 
these are very common in the subepithelial tissue of the 
gut, and appear to run between the basement membrane 
of the epithelium and the sarcolemma of the muscle. Such 
fibers have been described in the connective tissue sur- 
rounding the gut of other insects (Rengel, 1896; Nazari, 
1899; Leger and Duboscq, 1902). In the corixids, these 
connective tissue fibers, along with small tracheoles, pen- 
etrate the intravalvular space of the esophageal invagina- 
tion, and may quite easily be mistaken for muscle strands 
(Mr. Marks has examined my material, and agrees with 
this conclusion). 


2. The Annular Cells 

In all five bugs, the junction of the foregut and midgut 
is encircled by a ring of tall foregut cells. These correspond 
to the “terminal pad” of Marks, who showed them in his 
figures of Hesperocoriza, Belostoma, Ranatra, and Noton- 
ecta. Sutton apparently mistook them for midgut cells, as 
Marks has pointed out. 

Text-figure 3 shows the location of the annular cells in 
Sigara and Hesperocorixa. The annular cell region in cor- 
ixids is more extensive than Marks’ figures (1958, his plate 
VII, figures 1, 3, and 4) would indicate; the author has 
examined Marks’ slides, and found that this region showed 
some distortion in his material, which probably accounts 
for this difference. 

The most outstanding feature of the annular cells, which 
was overlooked by both Sutton and Marks, is their high 


142 Psyche [Perens 


mitotic rate. This is particularly evident in the corixids; one 
specimen of Sigara ornata showed 181 mitoses in the an- 
nular cell region. Figure B shows a detail of the annular 
cells in this specimen. Mitoses are not nearly as frequent in 
the annular cells of representatives of the other four fami- 
lies, although Table 1 (below) shows that some amount 
of cell division is always present. 


TABLE 1 

A B C 
Notonecta undulata 28 5 a 
Ranatra fusca bby 3 8 
Pelocoris femoratus PAN 4 6 
Belostoma flumineum 24 it 14 

Hesperocorixa interrupta 
and Sigara ornata 36 28 181 


Frequency of mitotic figures observed in the annular cell region. Column 
A, number of valves examined; Column B, number of valves showing 
mitoses in annular cell region; Column C, maximum number of mitoses 
seen in any one valve. 


It is difficult to account for this high mitotic rate in 
corixids. Verson (1897) reported that in the silkworm, 
cell division in this region adds to the cells of the esopha- 
geal valve. However, degenerating cells are rarely observed 
within the esophagus or the esophageal invagination of cor- 
ixids, and there appears to be no real need for such frequent 
cell addition. The location of the annular cells corresponds 
to that of the imaginal disc which regenerates the foregut 
of nymphs after a moult; it may be that the annular cells 
are remnants of this highly active nymphal region, which 
retain their high mitotic rates. 


3. Comparative Aspects 

In his study of the esophageal valves of four species of 
water bugs, Marks described a sequence of increasing com- 
plexity in the following order: Notonecta, Ranatra, Belosto- 
ma, end Hesperocorixa. In general, the present study sup- 
ports this conclusion. 

The valvular action in Notonecta and Ranatra is derived 
from the circular muscle sphincter which, when it contracts, 
draws together the tall annular cells. There is no real 
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invagination in either of these bugs. The valves of Noton- 
ecta and Ranatra appear, to the author, to be equally simple, 
although Marks considered the latter to be somewhat more 
developed than the former. 

The form of the valve in Belostoma is more complex (see 
Text-fig. 1). Here a shallow invagination is present, which 
may offer resistance to the passage of material from the 
midgut into the foregut. Although an inner cell layer is 
present, there is nothing corresponding to the outer cell 
layer of Hesperocorixa or Pelocoris; instead, the annular 
cells occupy the posterior and outer surfaces of the invag- 
ination. 

The Pelocoris valve is more complicated than that of 
Belostoma, but less so than that of Hesperocorixa and 
Sigara. In its degree of complexity, therefore, it appears 
to be an intermediate between these two groups. The 
invagination is deeper than that of Belostoma but shallower 
than the invagination of corixids. The presence of an enton- 
noir indicates another advancement in complexity. In Pel- 
ocoris an outer cell layer is present, but the annular cell 
region appears to extend part way into the invaginated 
area, gradually merging with the tall cells of the outer cell 
layer (Text-fig. 2). 

The increased length of the invagination, the prominence 
of the entonnoir, and the placement of the annular cells 
in the corixid valve make it the most complex of the five. 
Sutton’s assertion that the entonnoir may extend as much 
as two-thirds of the length of the midgut was not borne 
out in the present study. The cuticula does extend farther 
into the midgut than in the other four bugs, but it was 
never observed to penetrate more than one-tenth the length 
of the mesenteron in the material used in the present study. 
In corixids, the annular cell region never extends into the 
invagination, as it does in Belostoma and Pelocoris. It is, 
instead, sharply set off from the outer cell layer, forming 
a distinct region which encircles the area between the ter- 
mination of the invagination and the beginning of the 
midgut (see Text-fig. 3). 

The conclusion of Sutton that the corixid esophageal 
invagination is long when the midgut contains small 
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amounts of food, and either extended or retracted with 
large quantities, was not supported in the present study. 
In the four corixids with the shortest invaginations, the 
midgut was empty. Sutton’s claim that the intravalvular 
space contains a blood sinus may be true, but there is no 
evidence from the present study to support her theory that 
the valve takes an active part in moving the food posterior- 
ly into the midgut. 
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Fig. 3. Diagram of the esophageal invagination of Sigara ornata or 
Hcesperocoriza interrupta. Legend same as for Text - figure 1. Dotted lines 
indicate region from which Figure B (Plate 12) was taken. 330X. 
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Although the increasing complexity of the valve, from 
Notonecta and Ranatra to the corixids, represents a mor- 
phological sequence, I, like Marks, will not here attempt to 
draw any phylogenetic conclusions. In terrestrial Heterop- 
tera, both simple and complex esophageal valves are rep- 
resented; in Oncopeltus fasciatus, the valve resembles that 
of Notonecta (Hood, 1937), while the esophageal invagin- 
ation of the cacao capsid bug (Goodchild, 1952) is similar 
to that of corixids. 


4. Sutton’s Interpretation of the Significance of the Cor- 
ixid Esophageal Valve 

Sutton proposed that the complex valve of corixids is a 
primitive feature. This theory was based primarily on her 
belief that the primitive corixids secreted two kinds of 
peritrophic membranes, one from the cells of the posterior 
midgut (the Type I of Wigglesworth, 1950) and a second 
from the anteriormost midgut cells of the perivalvular re- 
gion (Wigglesworth’s Type II). Sutton’s hypothesis was 
that modern corixids have lost the second type of mem- 
brane, but have retained the first type. The latter theory 
is to be the subject of another paper (Parsons, in press) ; 
the proposal that corixids once secreted a Type II mem- 
brane will be discussed here, however, since part of Sutton’s 
evidence for this hypothesis is based upon an apparently 
incorrect interpretation of the nature of the annular cells. 


When the ancestral corixid secreted a Type II peritrophic 
membrane, according to Sutton, a long esophageal invagin- 
ation was present; this helped to mould the membrane and 
to move it posteriorly by alternate extension and retraction. 
The membrane was secreted by the anterior cells of the 
perivalvular region. In the course of evolution, the latter 
region has lost its ability to secrete chitin, but it has not 
yet acquired a digestive function. If any food were to get 
into this non-functional region, it would only decompose; 
to prevent this, Sutton claimed, the long esophageal invag- 


ination has been retained in modern corixids. 

Sutton cited the work of Aubertot (1934), who, in his 
study of the peritrophic membrane in many orders of 
insects, distinguished a groove or “‘sillon” which marks the 
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boundary between foregut and midgut. It is from the midgut 
cells directly posterior to this groove that the Type II 
peritrophic membrane is secreted, and the sillon marks 
its anteriormost point of insertion. This secretory group 
of midgut cells, the ‘““massif des cellules-méres de la péri- 
trophique” of Aubertot, is histologically distinct from the 
rest of the midgut in some insects. 
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Fig. 4. Detail of the annular cell region in Sigara ornata. Heavy line 
indicates the cuticular intima of the foregut, with which the entonnoir 
is continuous. Orientation same as that of Figure B (Plate 12); the eso- 
phagus and inner cell layer are not shown. The midgut epithelium is 
stippled. 850 X. 

It appears, however, that Sutton has mistaken the an- 
nular cells, which are definitely of foregut origin, for mid- 
gut epithelium, perhaps believing them to represent a 
“massif”. In so doing, she has taken the groove between the 
annular cells and the esophageal invagination to be the 
sillon; this appears to be the case in her figure 10. In the 
present study, however, the intima was seen to cover the 
annular cells and to end at a point more posteriorly located 
than the sillon of Sutton’s diagram. This area is quite com- 
plicated in corixids, since the annular cells which are closest 
to the migut bend inwards, towards the lumen, forming a 
whorl. The true sillon lies at the apices of these curved 
annular cells, and the terminal part of the intima therefore 
extends up into the whorl (see Text-fig. 4). There is rarely 
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a distinct groove here, and the sillon is obscured by the 
close approximation of the whorl of annular cells with the 
anteriormost midgut cells. 


The evidence cited by Sutton to support her theory of a 
Type II peritrophic membrane in the corixid ancestor 
appears to be two-fold: the presence of a distinct sillon in 
about half of her specimens, and the existence of a non- 
secretory perivalvular region in all of them. The present 
study casts considerable doubt upon her first piece of evi- 
dence, since the true sillon of corixids is not a distinct 
groove. Her observation of a non-secretory perivalvular re- 
gion in corixids was correct, however, and will be discussed 
in a later paper. Whether or not this is sufficient evidence 
to support the idea that the corixids once secreted a Type 
II peritrophic membrane is difficult to say; it may be that 
the lack of a secretory function in this area is due to other 
causes. Certainly her theory that the long esophageal in- 
vagination is a device for keeping food out of this region is 
open to question; long valves are present in Anasa tristis 
(Breakey, 1936) and the cacao capsid bug (Goodchild, 
1952), neither of which has a non-secretory perivalvular 
region. 
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